ABSTRACT Knowledge of the genetic variability, population structure, and evolutionary history of Triatoma infestans may be useful for developing rational vector control strategies. A 661-bp fragment of the mitochondrial gene cytochrome oxidase I (COI) was sequenced and analyzed in bugs from Argentina, Uruguay, Peru, and Bolivia, including peridomestic, domestic, Andean, and Chaco sylvatic bugs. A total of 48 polymorphic sites among 37 haplotypes were described. Nucleotide variation ßuctuated among samples, with the highest nucleotide diversity observed in seven Argentinean provinces. Within this group, some populations showed patterns of variability compatible with population expansions and/or Þne-scale population structure, whereas others suggested population bottlenecks and/or population admixture processes. A maximum parsimony analysis of the haplotypes showed the presence of a Bolivian/Peruvian and an Argentinean/Uruguayan clade. Bolivian sequences were further divided in Chaco sylvatic and Andean domestic and sylvatic. Two different nested clades were found within the Argentinean/Uruguayan cluster. Analysis of molecular variance (AMOVA) and K ST * analysis supported a strong population structure in Argentina, where genetic differentiation was correlated with geographic distance. Departures from neutrality expectations and a nested cladistic analysis suggest a recent population expansion of T. infestans in Argentina, followed by restricted gene ßow and patterns of isolation by distance. This expansion could have taken place as a two-wave process, as was shown by the phylogenetic analysis and signatures of population admixture in the southernmost Argentinean populations.
populations reproduce relatively slowly and were believed to have low levels of genetic variability from which insecticide resistance alleles would be unlikely to appear (SchoÞeld 1988 , Guhl and SchoÞeld 1996 , Monteiro et al. 2001 . However, the recent detection of T. infestans populations resistant to pyrethroid insecticides in Argentina and Bolivia (Picollo et al. 2005 , Toloza et al. 2008 suggests that the actual levels of genetic variability of the species should be reassessed. Another important issue is to distinguish between sylvatic and domestic T. infestans bugs to understand the putative links between both populations and their role in house reinfestation after insecticide spraying (Monteiro et al. 2001 , Noireau et al. 2005 .
Genetic studies based on isoenzymatic loci provided valuable information on genetic ßow and population structure in T. infestans (Dujardin et al. 1987 Garcṍa et al. 1995) . Bolivian and Peruvian T. infestans populations seem to follow the isolation by distance model, with each village representing the smallest panmictic unit . In some cases, however, the deme was represented by single houses, chicken coops, or goat or pig corrals (Breniè re et al. 1998 ).
More recently, DNA sequencing has proven to be a useful tool for studying the systematics and evolutionary trends within Triatominae (reviewed in AbadFranch and Monteiro 2005) . Monteiro et al. (1999) were the Þrst to analyze nucleotide variation in T. infestans with the mitochondrial gene cyt b. Despite using only one to six bugs per population, they detected two main clusters: one with haplotypes from Bolivia and another with sequences from Argentina and Brazil. The Bolivian cluster was further subdivided into two clusters: one including the three Andean populations analyzed and the other the sylvatic "dark morph" insects from the Bolivian Chaco (Noireau et al. 1997) . Two haplotypes were detected in Argentina, and one of them was also present in Brazil. This division into two allopatric groups (one Andean, including Bolivia and Peru and another non-Andean including the remainder) was supported by another study based on cyt b variability in the Bolivian Department of Chuquisaca (Giordano et al. 2005) , by patterns of C-banding in chromosomes and DNA content (Panzera et al. 2004 ) and by nuclear rDNA (Bargues et al. 2006) . In two other population genetic studies, mitochondrial 12S and 16S rRNA genes showed a low degree of differentiation between populations from four Argentinean provinces (Garcṍa et al. 2003) , whereas microsatellite loci showed a substantial degree of genetic differentiation caused by genetic drift and limited gene ßow in 19 Argentinean localities from nine provinces (Pé rez de Rosas et al. 2007) . Microsatellites also showed substantial differentiation and strong population structure in Bolivian populations (Pizarro et al. 2008) .
As part of a broader project on the eco-epidemiology of Chagas disease in northern Argentina, the main aims of this study were (1) to estimate levels of nucleotide variation, haplotype diversity, and population structure in populations of T. infestans; (2) to search for signs of demographic processes such as population expansions and bottlenecks; and (3) to analyze the genealogic and phylogeographical relationships between haplotypes from Argentina, Bolivia, Peru, and Uruguay.
Materials and Methods

DNA Sequencing.
A total of 244 insects was used for DNA sequencing, including 207 from Argentina (domestic and peridomestic), 25 from Bolivia (14 domestic, 10 Andean sylvatic and 1 Chaco dark morph), 7 from Peru (domestic), and 5 from Uruguay (domestic) (Table 1) . Argentinean bugs were grouped according to the nine provinces where they were collected.
Adult or nymph legs were used for DNA extraction with the Wizard Genomic DNA kit (Promega, Madison, WI) , following the manufacturerÕs protocol with slight modiÞcations. A 692-bp fragment of the mitochondrial gene cytochrome oxidase I (COI) was polymerase chain reaction (PCR)-ampliÞed with primers S1718 and A2442 (Normark 1996) . This fragment was chosen because it was useful to resolve intrapopulation variability or phylogenetic relationships between closely related species in other insect groups (Lunt et al. 1996 , Jordal et al. 2002 , Scataglini et al. 2006 .
Reactions were performed in a Þnal volume of 50 l containing 8 l of dNTPs (1.25 mM each), 5 l of 10ϫ reaction buffer, 2.5 l of MgCl 2 (50 mM), 0.2 l of TaqDNA polymerase (Invitrogen, Carlsbad, CA) 5 U/l, 100 ng of sense and antisense primers, and 50 Ð 100 ng of DNA. AmpliÞcations were carried out in a BIO-RAD thermal cycler (BIO-RAD, Hercules, CA) with 1 cycle of 1 min at 94ЊC, 35 cycles of denaturation (1 min at 94ЊC), annealing (1 min at 46ЊC), and extension (1.5 min at 72ЊC), and a Þnal extension step of 3.5 min at 72ЊC. The ampliÞed samples were run on a 1% agarose gel and puriÞed with Wizard SV gel and PCR Clean-Up System (Promega). The puriÞed PCR product was used as a template for direct sequencing of both strands using the same primers as in the ampliÞcation. Sequences were all performed with the ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA) in an ABI PRISM 3100 or 3700 DNA Analyzer automated sequencer (Applied Biosystems). The 661-bp obtained sequences were aligned manually or with MEGA 3.1 software (Kumar et al. 2004) . Newly reported sequences are available at GenBank under accession numbers EF451005ÐEF451040.
Data Analyses. Nucleotide diversity was estimated according to WattersonÕs estimator ( W ) based on the number of segregating sites (Watterson 1975) and TajimaÕs estimator () based on the average number of observed pairwise differences (Tajima 1983) .
To study whether levels of variability were significantly different among all the populations, we used the approach taken by Schmid et al. (2005) , based on likelihood-ratio tests (LRTs). The analysis was originally created for comparing loci, but as in this case, it can also be applied to populations. We tested whether the variability in the 14 populations of the dataset (11 from Argentina, 2 from Bolivia, and 1 from Uruguay) was better explained by models based on 1 (M1), 2 (M2), 3 (M3), 4 (M4), or 14 W values (M14).
D T (Tajima 1989) , F S (Fu 1997) , and R 2 (RamosOnsins and Rozas 2002) tests were applied to determine whether populations of T. infestans were in mutation-drift equilibrium, according to expectations of the neutral theory (Kimura 1983) .
For the total Argentinian sample, we also estimated the levels of variability and applied the tests taking only one random sequence per sampled structure (house, corral, etc.) and one random sequence per locality, to consider the possible effects of population structure and sampling. The rationale underlying this procedure is that a simple coalescent process may take place under several models of population subdivision, such as metapopulations and general Þnite island models (Wakeley 2001, Wakeley and Aliacar 2001) . According to these models, if only one sequence is sampled per deme, the behavior of a sample during most of the coalescent process is similar to a nonsubdivided population, but with an effective population size that depends on the number and sizes of demes and mi-gration rates (Wakeley 2001, Wakeley and Aliacar 2001) . In addition, TajimaÕs D T does not depart from neutrality under a wide range of migration and extinction rates when sequences are taken from different demes (Pannell 2003) . The signiÞcance of the tests was calculated by performing 1,000 coalescent simulations based on a Monte Carlo process with no recombination (Hudson 1990) .
To conÞrm that departures from neutrality are caused by demography and not by natural selection, we also used the MK test (McDonald and Kreitman 1991) . T. brasiliensis (GenBank accession number AF021184) and T. garciabesi (GenBank accession number EF451041) were used alternatively as outgroups.
Population structure within Argentina was inspected by means of analysis of molecular variance (AMOVA) (ExcofÞer et al. 1992 ) with two hierarchical levels (locality and province) and K ST * statistics (Hudson et al. 1992) . The signiÞcance of these tests was obtained by means of 10,000 permutations of haplotypes and corrected following Bonferroni criteria for multiple comparisons (Weir 1996) . K ST * values were used to construct a phenogram with the unweighted pair-group method with arithmetic average (UPGMA) and neighbor-joining (NJ) methods, and the Þtting of the genetic data in the trees was calculated with the coefÞcient of determination R 2 . Genetic distances between populations were also correlated with geographic distance through a Mantel test (Sokal and Rohlf 1981) .
Phylogenetic analyses were performed with a maximum parsimony approach. The shortest trees were found with the implicit enumeration search option. All characters were regarded as unordered and unweighted because all parsimony informative nucleotide changes were synonymous transitions. Statistical support for clades was assessed by Bremer support values (Bremer 1994) and bootstrapping (Felsenstein 1985) based on 1,000 replicates. A T. delpontei (accession number FJ439768) was also sequenced and used as outgroup.
Because of the observation of low bootstrap values in the tree (probably reßecting the low divergence between conspeciÞc individuals) and many zero length branches (most likely because of persistant ancestral haplotypes in the populations, Posada and Crandall 2001), a nested cladistic analysis (Templeton et al. 1995) was performed to better understand the phylogenetic history of the haplotypes combined with the information about the geographic origin of the bugs.
IntraspeciÞc variability, K ST * values, and all neutrality tests were calculated with DnaSP 4.1 (Rozas et al. 2003) , whereas the LRTs were performed with MANVa 0.98BETA (Ramos-Onsins et al. 2008) . AMOVA and Mantel tests were made with Arlequin 3.11 (ExcofÞer et al. 2005) . The UPGMA and NJ trees were created with MEGA 3.1 (Kumar et al. 2004) , and the representation of the distances in the trees was evaluated with TreeÞt (Kalinowski 2008) . Maximum parsimony trees were built with TNT (Goloboff et al. 2008) , and the nested cladistic analysis was carried out with ANeCPA 1.1 (Panchal 2007) .
Results
Nucleotide Variation. The 661-bp COI fragment showed 48 variable sites among the T. infestans sampled (Table 2 ). All but three of the changes were synonymous. The exceptions were in positions 203, 239, and 527, which cause the changes valine-isoleucine, glutamic acid-lysine, and alanine-threonine, respectively. The Þrst and third changes were conservative in the sense that they affected neither size nor hydrophobicity (Taylor 1986 ). The second change did not affect polarity but changed the amino acid size (small to large) and charge (acidic to basic).
Forty polymorphic sites were found in domestic or peridomestic bugs from Argentina (Tables 2 and 3) , three in domestic bugs from Bolivia, two in sylvatic nonmelanic Bolivian bugs, and one in the Uruguayan sample, whereas the Peruvian sample was monomorphic (Table 3 ).
In Argentina, the observed total nucleotide variability was of 0.010 and 0.006 according to W and , respectively (Table 3) . Values were rather similar when random sequences were taken from each locality or structure, suggesting that the estimation of total variability in Argentina was not severely affected by the sampling.
Before comparing variability among Argentinean Provinces (Table 3 ; Fig. 1) , and given the different number of localities clustered within each province (Table 1) , we performed an AMOVA to look for structuring in our data. The analysis showed that genetic differentiation among bugs from different provinces was highly signiÞcant ( a 2 ϭ 1.115, ⌽ CT ϭ 0.458, df ϭ 10, P Ͻ 0.0001) and explained almost 46% of the total variation among sequences, whereas differentiation between localities within provinces was low and nonsigniÞcant ( b 2 ϭ 0.084, ⌽ SC ϭ 0.064, df ϭ 28, P ϭ 0.359).
The LRTs showed that a model with two different W values better explained the differences in COI variability among populations (Table 4) . La Rioja, San Juan, Santa Fé , Rṍo Negro, Santiago del Estero, San Luis, and Có rdoba had higher genetic variability ( W 1 ϭ 0.0052), whereas Catamarca, Salta, Tucumá n, Formosa, Bolivian domestic, Bolivian sylvatic, and Uruguay were the least variable populations ( W 2 ϭ 0.0012).
Haplotype Diversity. A total of 37 haplotypes were detected, 32 of them in Argentina, 2 in Uruguay, 1 in Peru, and 5 in Bolivian sylvatic and domestic bugs. Haplotype diversity ranged between 0.84 and 0.23 (Table 3 ; Fig. 1 ). Most Argentinian haplotypes were differentiated by only two or three nucleotide changes (Table 2) , but there were also seven highly divergent haplotypes separated by Þve to eight mutational steps (haplotypes b, h, r, x, y, av, and ay). These distinct haplotypes were located in different provinces including La Rioja, Santiago del Estero, San Juan, Có rdoba, San Luis, and Rṍo Negro ( Table 2 ). The most frequent haplotype c was found in all Argentinian populations except Có rdoba, San Luis, and Rṍo Negro. Haplotypes d, e, n, q, s, t, and x were shared between two or more populations, whereas the remaining variants were observed exclusively in one population ( Table 2 ). The highest number of haplotypes was detected in Santiago del Estero (12) followed by La Rioja and Santa Fé (8), Catamarca (4), Salta, Formosa and San Juan (3), and Tucumán, Có rdoba, San Luis, and Rṍo Negro (2). Insects from Uruguay and Argentina shared two haplotypes, including the most frequent haplotype c.
Bolivian insects showed Þve haplotypes not found in Argentina or Uruguay (Table 2) . One was present in the domestic sample (ad), three were found in both the domestic and the sylvatic Andean samples (ab, ac, and ae), and haplotype aa was found in the dark morph from the Bolivian Chaco (Tables 2 and 3 1 3 5 8 9 0 0 1 1 2 3 3 4 4 5 6 7 8 0 0 3 3 3 6 6 0 0 4 4 5 6 0 1 7 8 9 1 1 2 2 2 4 5 5 5 6 8 6 9 4 0 8 7 3 6 2 3 4 3 9 2 5 1 3 3 7 2 3 3 5 9 2 6 7 8 0 6 5 7 0 9 8 7 6 1 4 6 7 9 7 0 3 9 5 6 1 remained as such even after correcting for multiple comparisons. Differentiation was extremely variable, ranging from values close to zero (0.006, 0.008) to 0.683 (Table 5) . When the K ST * values were represented in a phenogram, the NJ showed a better representation of the distances (R 2 ϭ 0.93, P Ͻ 0.0001) than the UPGMA tree (R 2 ϭ 0.58, P Ͻ 0.0001); thus, the Þrst methodology was chosen (Fig. 2) . The tree showed that genetic differentiation had a good correspondence with geographical distance (Figs. 1 and  2 ). For example, the northernmost populations of Salta and Formosa were the more similar, and genetic distance from other populations increased continuously toward the south. This pattern was corroborated by a Mantel test, which showed a signiÞcant correlation between K ST * values and geographic distance (r ϭ 0.578, P ϭ 0.0002) even when the geographically distant and highly differentiated population of Rṍo Negro was removed from the matrices (r ϭ 0.476, P ϭ 0.0091).
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Neutrality Tests. TajimaÕs D T was negative and signiÞcant for the total Argentinian sample (complete and when one sequence was taken per structure), La Rioja, and Santiago del Estero, whereas it was positive and signiÞcant for San Juan and Có rdoba. F S was signiÞcant for the total Argentinian sample and when one sequence was randomly chosen per structure and marginally signiÞcant when one sequence was sampled from each locality. R 2 was marginally signiÞcant for the total sample and Santiago del Estero and signiÞ-cant when one sequence was taken per structure (Table 3). The remaining Argentinian samples and the Bolivian domestic and sylvatic populations did not depart from neutral expectations.
The MK test was not applied to the Bolivian samples because of the lack of nonsynonymous polymorphism, and it was not signiÞcant for Argentinian bugs either when T. brasiliensis (total sample: G-value ϭ 1.860, P ϭ 0.173; one sequence per structure: G-value: 2.233, P ϭ 0.135) or T. garciabesi (total sample: G-value ϭ 0.271, P ϭ 0.603; one sequence per structure: G-value ϭ 0.459, P ϭ 0.498) was used as the outgroup. The closer related species T. delpontei could not be used for this test because of the lack of nonsynymous Þxed differences with T. infestans in the sequenced gene region.
Phylogeny of Haplotypes. We obtained Ͼ1,000 equally parsimonious trees using a parsimony approach. The differences in the trees were mainly caused by minor changes in the relationships among haplotypes within the Argentinian clade, where most haplotypes were related alternatively to c, d, or e haplotypes (data not shown). Thus, data were reanalyzed with a subset of the Argentinean haplotypes, including only the seven highly divergent haplotypes and the c, d, and e haplotypes, which were the most frequent and shared by two or more populations. Only one most parsimonious tree of length 39 was found (Fig. 3) . The most basal lineage was the Argentinean haplotype r and then two main clades appeared. One contained all the sequences from Bolivia and Peru and was further subdivided into two clusters: one including domestic and sylvatic Andean haplotypes and the other the sylvatic dark morph from the Bolivian Chaco.
The second main clade included all the Argentinean and Uruguayan haplotypes (Fig. 3) , but within Argentina, the tree was not well resolved, with several branches of zero length and poor support. However, it showed the existence of two clades, one with haplotypes h, x, and y and the other with haplotypes b, ay, c, d, and e. Within this last group, haplotypes c, d, and e formed a well-supported cluster.
Nested Cladistic Analysis. Four haplotypes (aa, b, r, and ay) were excluded from the analysis because their connections steps were beyond the 95% conÞdence interval. The remaining variants depicted a similar pattern as shown by the phylogenetic analysis, show- 
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JOURNAL OF MEDICAL ENTOMOLOGY Vol. 46, no. 4 ing the existence of three discrete lineages (represented by three unlinked networks): one with Bolivian and Peruvian haplotypes, another with four divergent Argentinian haplotypes, and the third with Argentinean and Uruguayan haplotypes (Fig. 4) . The presence of two loops in the main Argentinean/Uruguayan clade was analyzed with all the possible resolutions, and all of them reached the same outcome. Seven nested groups in the main Argentinean network, two in the Bolivian network and the total cladogram, showed geographic distributions that were signiÞcantly different from random expectations (Table 6). In Argentina, three clades suggested isolation by distance, one allopatric fragmentation, two were inconclusive, and the whole main network was compatible with a contiguous range expansion. In Bolivia, a clear phylogeographic pattern was not found.
Discussion
COI Variability in T. infestans. Our study showed high levels of genetic variation of COI in T. infestans populations, with 48 variable sites distributed in 37 haplotypes. Within Argentina, nucleotide variation ßuctuated greatly among provinces (Fig. 1) , with a general pattern of populations either with higher (Ͼ0.0052) or with lower (Ͻ0.0012) variability.
Four of the most variable populations showed levels of polymorphism that departed from neutral expectations (Table 3) calities, and in such a case, a population bottleneck would result in several independent genetic drift effects that could randomly preserve different genetic combinations in each subpopulation. Recent studies in Amamá based on spatio-temporal patterns of reinfestation (Cecere et al. 2004) , geometric morphometry According to the LTR tests, Bolivian domestic bugs showed four haplotypes and high haplotype diversity, whereas nucleotide variation was comparable to those of the least variable Argentinian populations. Because the Cochabamba valley has long been proposed as the center of dispersal of T. infestans (SchoÞeld 1988), Bolivian populations were expected to be the most ancient and the most genetically variable. However, there are at least two explanations for such a pattern. In the Cochabamba valley, indoor insecticide spraying against malaria vectors has been conducted regularly several times a year for at least two decades; therefore, this population could have undergone repeated bottlenecks. This result is partially supported by the positive, although nonsigniÞcant, value of the TajimaÕs statistic. Second, studies based on allozymes ) and mitochondrial cyt b (Giordano et al. 2005 ) have pointed to the region encompassing Sucre, Vallegrande, and Potosi as the most probable area of origin of T. infestans, in contrast with the traditional hypothesis of Cochabamba. As in Argentina, the genetic diversity of T. infestans in different regions of Bolivia is probably strongly inßuenced by local geographic, ecological, and evolutionary histories (Giordano et al. 2005) .
Sylvatic and domestic T. infestans bugs from Bolivia shared haplotypes, although haplotype diversity was higher in domestic than in sylvatic bugs. Previous studies using allozymes (Dujardin et al. 1987 ) and mitochondrial cyt b (Monteiro et al. 1999) were also unable to detect differences between sylvatic and domestic Bolivian populations of T. infestans, suggest- (Monteiro et al. 1999 , Bargues et al. 2006 . The maximum parsimony tree showed that the Bolivian/Peruvian haplotypes were clustered in one group, whereas almost all the Argentinean/Uruguayan haplotypes were clustered in another group.
However, the early divergence of haplotype r from Santiago del Estero, which was not grouped with any of the remaining variants in the tree is intriguing. One hypothesis to explain such a pattern is the presence of ancient haplotypes in the Argentinean Chaco, suggesting that the colonization of this area by T. infestans is older than suspected. The second hypothesis is that this mitocondrial sequence is the result of an old introgression event. Field observations and experimental studies have shown that T. infestans can form hybrids capable of backcrossing with the parental species with other species of the infestans complex such as T. platensis, T. delpontei, and T. rubrovaria (Abalos 1948 , Pé rez et al. 2005 . The assumption that this bug is a hybrid itself can be dismissed, because it was included in a microgeographical-scale study based on 10 microsatellites (Marcet et al. 2008) , and it showed the most common alleles of T. infestans.
The detection of sylvatic dark morphs in the Bolivian Chaco challenged the traditional view that Andean mesothermic valleys in Bolivia were the area of origin of T. infestans (Noireau et al. 2000 (Noireau et al. , 2005 . Carcavallo (1998) suggested that the dark morph populations from the dry subtropical Chaco forest may be the most ancient ones, whereas other authors proposed that this melanic bug could represent a direct expansion from the Andean population (Monteiro et al. 1999 , Giordano et al. 2005 or the recolonization of sylvatic habitats by domestic bug populations from the Chaco (Noireau et al. 2000 , Panzera et al. 2004 , Bargues et al. 2006 . The COI haplotype phylogeny is in agreement with the hypothesis of a direct Andean expansion and also shows several autapomorphies in the dark morph lineage, suggesting a considerable degree of isolation between melanic sylvatic bugs in the Chaco and the domestic and sylvatic Andean populations of T. infestans.
Population Structure in Argentina. Our data indicate the existence of a strong population structure in Argentinian T. infestans. AMOVA showed that differences among Provinces accounted for almost one half of the total observed variability. This observation contrasts with the rather low (6%) degree of differentiation shown by 12S and 16S mtDNA genes in populations from four Argentinian Provinces (Garcṍa et al. 2003) , even though these localities were rather close to the localities sampled in the same provinces in this study. Moreover, an AMOVA including only these four provinces also shows high variability between provinces when the localities sampled within provinces were take into account ( a 2 ϭ 0.547, ⌽ CT ϭ 0.349, df ϭ 3, P Ͻ 0.05) or not ( a 2 ϭ 0.476, ⌽ ST ϭ 0.304, df ϭ 3, P Ͻ 0.0001). Despite that sampling effects could not be completely ruled out, the contrasting results observed with both kinds of genes may be a consequence of the higher variability of COI, which makes it a more sensitive mitochondrial molecular marker for studying population structure.
The isolation by distance model was originally conceived by Wright (1943) . He stated that distant populations may become differentiated when there is an extensive population range, but interbreeding is restricted by relatively short dispersal distances. This is precisely the pattern observed with K ST * values in the neighbor-joining tree, also supported by the positive and signiÞcant correlation between geographic distance and COI variability. Our results are in agreement with previous studies based on microsatellites in Argentina (Pé rez de Rosas et al. 2007 ) and on allozymes in Bolivia and Peru (Dujardin et al. 1997) . Passive transportation associated with human activities has been proposed as the main dispersal mechanism in T. infestans (SchoÞeld 1988 , Bargues et al. 2006 , and the isolation-by-distance pattern is readily explained by frequent movement of people and exchange of goods mainly restricted to close localities. However, active dispersal by ßight has been estimated in a range of 0.2Ð2 km (Schweigmann et al. 1988 , SchoÞeld et al. 1992 ), values much smaller than the minimal distance between the study populations (Ϸ100 km).
Demographic History of T. infestans in Argentina. Neutrality tests showed that Argentinian populations of T. infestans are not in mutation-drift equilibrium. The rejection of neutrality for these tests, either based on frequency spectrum or haplotype structure, has two possible explanations, involving random and nonrandom changes. Random changes are caused by demography (i.e., changes in population size, population structure), whereas nonrandom changes involve natural selection (Kreitman 2000) . As a consequence, the observed negative values of D T and the departures from neutrality in F S and R 2 are consistent with two hypotheses: (1) a population growth in Argentinian T. infestans and (b) the analyzed COI fragment has recently experienced a hitchhiking event caused by directional selection over a linked gene region (Tajima 1989 , Braverman et al. 1995 , Fu 1997 , Ramos-Onsins and Rozas 2002 . However, the MK test (which is less sensitive to demographic effects because it compares the relationship between polymorphism and divergence; Kreitman 2000) was nonsigniÞcant. This strongly suggests that the observed departures from the mutation-drift equilibrium for the total Argentinian T. infestans sample are not caused by natural selection but most likely result from a recent population expansion. This hypothesis is also supported by the nested cladistic analysis, indicating that the patterns of geographic association for Argentinean haplotypes are compatible with a contiguous range expansion. Moreover, we infer from the relatively high-level clade at which the association was signiÞcant that this process may have occurred early in the radiation of T. infestans and was likely an important determinant of the genetic differentiation among populations. More recently, restricted gene ßow, allopatric fragmentation, and isolation-by-distance all contributed to the current population structure in Argentina, as is suggested by the low-level clades associations and the Mantel test.
The phylogenetic and phylogeographic analyses are consistent with the presence of at least two clades within Argentinean haplotypes: one comprising variants h, x, and y and the other comprising haplotypes c, d, e, and similar. Unfortunately, the connections of variants av, b, and ay were not resolved because of the lack of synapomorphies in the parsimony tree or the high divergence in the nested cladistic analysis. The Þrst clade seems to be restricted to populations of San Juan, San Luis, and Rio Negro, which are in the southernmost part of the sampled area, whereas the second clade is widespread. These data suggest a twowave dispersal of T. infestans in Argentina. The clade with haplotypes h, x, and y may represent an older colonization event (possibly associated with the preIncan human migrations), whereas the remaining haplotypes may be the result of the more recent human migrations after the Spanish conquest, followed by a rapid population expansion process. In addition, the presence of haplotypes from the two different groups within the same populations (e.g., in San Juan, haplotypes x and y were found in the same house as haplotype c, and in Rṍo Negro, haplotypes x and z coexisted) creates an unusual haplotype structure in these populations. This structure suggests a process of secondary contact after the two independent episodes of dispersal, leading to a current pattern of population admixture. This hypothesis is in agreement with the positive D T values found in San Juan, whereas in Rṍo Negro, the test was consistent in sign but nonsigniÞcant.
Mitochondrial genes have been used extensively as tools for inferring the evolutionary history and demographic past of both populations and species, and our work shows that COI is a useful marker to understand the historical population dynamics of T. infestans at a macrogeographical scale. However, these data must be considered with caution, because mitochondrial DNA can undergo particular evolutionary processes such as natural selection, high degree of homoplasy caused by an elevated A/T transition bias, and introgression, which may obscure the true species history (Ballard and Whitlock 2004, Lin and Danforth 2004) . Further studies combining information from other independent gene regions will allow us to determine whether the patterns and evolutionary processes emerging from our COI data are particular for this gene or constitute distinctive features of this species.
